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METHOD, SYSTEM AND APPARATUS FOR 
TRANSMITTING, RECEIVING, AND 

REPRODUCING A DIGITAL BROADCAST 
SIGNAL 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a method and system for 

transmitting a signal and receiving and reproducing the 
signal in a digital broadcasting situation, and a transmitting 
apparatus and a receiving and reproducing apparatus used in 
a digital broadcasting situation, suitable for a system for 
receiving digital satellite broadcasting by a receiver carried 
in a mobile unit. 

(2) Description of Related Art 
Recently, in parallel With putting digital satellite broad 

casting into practice, there have been developed and pro 
posed various image data compression system, audio data 
compression system and the like. Also, there are discussed 
systems of various manner for receiving digital satellite 
broadcasting by a receiver carried in a mobile unit. 

When a satellite broadcasting is to be received, in general, 
it is necessary to prepare a parabolic antenna for receiving 
the radio Wave of Which frequency is allocated by the 
authority. Therefore, it Was unrealistic for a user of the 
mobile unit to prepare such. an antenna to receive the 
satellite broadcasting. HoWever, since an S-band (2.6 GHZ 
band) frequency band, Which is particularly unsusceptible 
against rain, is allocated for mobile units to receive the 
satellite broadcasting, it becomes realistic, for the mobile 
user for Whom proper receiving means Was not available, to 
receive the satellite broadcasting. 
When broadcasting is provided for mobile users, a broad 

casting receiver receives and reproduces the broadcast digi 
tal signal While it is carried in or With moving bodies such 
as a vehicle, a person, a ship or the like. Therefore, if these 
moving bodies pass an area near a building, a tree, a bridge, 
a tunnel or the like, the radio Wave transmission path tends 
to suffer from radio Wave cut due to an obstacle. Further, if 
the receiver is utiliZed in a stationary fashion, the radio Wave 
transmitted from the broadcasting station also Will suffer 
from radio Wave cut due to a moving obstacle, With the result 
that the broadcast program Will suffer from reproduction 
interruption. Therefore, the receiving side of the broadcast 
system cannot be provided With a satisfactory broadcasting 
service due to the disturbance in picture reproduction or 
audio reproduction. With regard to the disturbance in picture 
reproduction, if a compensation technology such as a still 
image retention or the like is effected in the receiving 
apparatus, uncomfortable feeling of a vieWer can be relieved 
effectively With a relatively easy effort, and it is possible to 
reproduce images at an acceptable level in visual sensation 
standpoint. Conversely, if sound reproduction is interrupted 
on the receiving apparatus, uncomfortable feeling of a 
listener cannot be relieved effectively With a relatively easy 
effort even if a countermeasure such as muting or the like is 
taken. Particularly When an audio broadcasting is provided 
for mobile users and a driver of a vehicle is paying his/her 
attention to the reproduced sound intensively, the uncom 
fortable feeling due to the sound break Will affect more 
badly. Thus, there is a great need in improving the audibility 
under such situation. Further, under broadcasting situation in 
Which point-to-multipoint communication is carried out, it is 
substantially impossible to provide a retransmission service 
for each of the vieWers or listeners upon request from 
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2 
receivers of these vieWers or listeners. Therefore, it is a 
responsibility for the communication system to continue the 
reproduction of the broadcast program Without issuing or 
responding to the retransmission request even if the radio 
Wave cut is brought about. 

In order to avoid the above problems, the folloWing 
countermeasures have been taken. 
(D A gap ?ller (radio Wave relaying station or retransmis 

sion equipment) or the like is installed at a shadoW area 
of a building, a tree, a bridge or the like to Which radio 
Wave is not satisfactorily supplied. Alternatively, a plural 
number of broadcasting satellites remote from one 
another are utiliZed for transmitting radio Waves. 
@ Under estimation of time duration of radio Wave cut 

eXpected When broadcasting is interrupted due to an 
obstacle in the radio Wave path, degree of interleave is 
decided so that the estimated time duration of radio Wave 
cut can be sufficiently recovered. Thereafter, receiving 
error in a burst fashion is spread so that error is distributed 
in a random fashion and then the random error is corrected 
by using an error correction scheme such as Viterbi 
coding or Reed-Solomon coding. 
@ A plurality of channels are prepared for broadcasting a 
program at the same quality, and each of the signals of the 
respective channels are transmitted so as to have a time 
lag larger than the eXpected radio Wave cut time relative 
to another, Whereby any of the transmitted signals With the 
time lag among them can be successfully received on the 
receiving side With the result that the broadcast program 
can be continuously reproduced. 
HoWever, according to the countermeasure numbered 

one, in order to eliminate all areas in Which radio Wave is not 
satisfactorily supplied, great number of gap ?llers are 
necessary, Which fact necessitates large amount of invest 
ment for supplying and installing the equipment. Further, it 
is difficult to utiliZe a plural number of satellites from a 
practical vieWpoint. According to the countermeasure num 
bered tWo, it is difficult to correct completely error caused 
from the radio Wave obstacles by the scheme composed of 
interleave and error correction code. When a program is 
broadcast in a digital manner, the broadcast program is 
encoded and compressed in every frame. Therefore, even if 
a frame contains only one bit error, the frame Will not be 
decoded. Furthermore, according to the countermeasure 
numbered three, if a broadcasting program of the same 
quality is broadcast by using a plural number of channels, 
although it offers a satisfactory solution against the radio 
Wave transmission problem, frequency bands cannot be 
effectively utiliZed in spite of the fact that the frequency 
band is a limited resource. 

SUMMARY OF THE INVENTION 

The present invention is made in vieW of the above aspect. 
According to the present invention for a system in Which 
digital satellite broadcasting using S-band for eXample is 
received by a receiver carried in a mobile unit, When a time 
diversity system in Which identical data are transmitted a 
plural number of times, the invention is employed in a 
mobile satellite broadcasting system to cope With an 
obstacle in the broadcast radio Wave transmission, a plural 
number of high quality signals, Which require the same 
bandWidth, are not prepared for transmission from the 
transmitting side, but a loW quality signal data, Which 
requires relatively small bandWidth, is transmitted before the 
high quality signal data is transmitted. When a receiving side 
receives the broadcasting program, the receiving side selec 
tively reproduces the loW quality signal data having the 
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small transmission bandwidth to recover the reproduction of 
the broadcasting program With the high quality signal. 
According to the method of transmitting a signal and receiv 
ing and reproducing the signal in a digital broadcasting 
situation, the system for transmitting a signal and receiving 
and reproducing the signal in a digital broadcasting 
situation, and the transmitting apparatus and the receiving 
apparatus used in a digital broadcasting situation of the 
present invention, since the loW quality signal having a 
relatively small bandWidth is selectively utiliZed for recov 
ering the program data transmission With the high quality 
signal, the frequency band for broadcasting can be effec 
tively utiliZed, and a number of broadcasting programs can 
be transmitted Within a limited Width of frequency band. 
Furthermore, investment on the broadcasting equipment 
such as a gap ?ller or the like can be minimiZed. 

According to the proposed method of the present inven 
tion in Which a signal is transmitted from a transmitting side 
and the transmitted signal is received and reproduced on the 
receiving side in a digital broadcasting situation, the method 
is carried out in such a manner that, on the transmitting side, 
a high quality signal is created based on broadcast digital 
data and at least one loW quality signal is created based on 
the same broadcast digital data so that the quality of the loW 
quality signal is loW With respect to that of the high quality 
signal, and the high quality signal and the loW quality signal 
are transmitted so that one of the signals has a time lag 
relative to the other, and on the receiving side, the high 
quality signal is reproduced When a normal receiving mode 
is effected While the loW quality signal is reproduced When 
a broadcast hindrance mode is effected. 

According to the above method, even if reproduction 
based on the high quality signal is failed on the receiving 
side, the reproduction of the broadcasting program can be 
recovered by reproducing the loW quality signal Which 
requires relatively small bandWidth to be transmitted. 
Therefore, the frequency band allocated for broadcasting the 
programs can be effectively utiliZed and thus number of 
programs alloWable to be broadcast can be increased. 
Moreover, cost for system management per unit program 
can be reduced. In addition, according to the above 
arrangement, since data transmitted plurality of times need 
not be completely identical to one another, it is possible to 
utiliZe the frequency band for broadcasting effectively While 
the advantage of time diversity system that investment in 
providing gap ?ller or the like can be minimiZed for carrying 
out broadcasting. 

According to the method of the present invention, on the 
transmitting side, a plurality of loW quality signals different 
in quality from one another may be prepared as the loW 
quality signal, and the high quality signal and the plurality 
of loW quality signals are transmitted so that each of the 
signals has a time lag relative to another. The loW quality 
signal may be transmitted before the high quality signal is 
transmitted. The high quality signal may be transmitted by 
using a ?rst channel band While the loW quality signal may 
be transmitted by using a second channel band of Which 
Width is narroWer than that of the ?rst channel band. The 
high quality signal is transmitted by using a ?rst channel 
band While each of the loW quality signals may be trans 
mitted by using a second channel band of Which Width is 
narroWer than that of the ?rst channel band. Furthermore, 
each of the channel bands has a Width different from one 
another. 

According to the above proposed methods, the loW qual 
ity signal created based on the broadcast data identical to 
that from Which the high quality signal is created, is repro 

15 

25 

35 

45 

55 

65 

4 
duced upon recovering the reproduction of the high quality 
signal. Therefore, even if the radio Wave of the high quality 
signal is interrupted due to any obstacle upon receiving the 
signal, the reproduction of the broadcast program can be 
recovered and continued. Accordingly, a listener of the 
program can enjoy the program Without uncomfortable 
feeling. Moreover, according to the above proposed 
methods, the frequency band allocated for broadcasting the 
programs can be effectively utiliZed and thus number of 
programs alloWable to be broadcast at a time can be 
increased. Accordingly, cost for system management per 
unit program can be reduced. In addition, since the fre 
quency band for broadcasting can be effectively utiliZed, it 
is possible to take the advantage of system of time diversity 
that investment in providing gap ?ller or the like can be 
minimiZed While broadcasting can be carried out. 

In addition, When transition is brought about from the 
normal receiving mode to the broadcast hindrance mode on 
the receiving side, the high quality signal and the loW quality 
signal may be processed and reproduced so that the transi 
tion is effected smoothly in terms of quality of the high 
quality signal and the loW quality signal. Further, on the 
receiving side, after the broadcast hindrance mode takes 
place, transition to the normal receiving mode may be 
prohibited for reproducing the high quality signal until the 
high quality signal is successfully received for a predeter 
mined time duration or predetermined number of frames. 
On the receiving side, if the loW quality signal is not 

received but the high quality signal is received under con 
dition that the broadcast hindrance mode is effected, loW 
quality data may be created from the high quality signal to 
recover the reproduction of the loW quality signal. Further, 
When transition is brought about from the broadcast hin 
drance mode to the normal receiving mode on the receiving 
side, the high quality signal and the loW quality signal may 
be processed and reproduced so that the transition is effected 
smoothly in terms of quality of the high quality signal and 
the loW quality signal. 

According to the above arrangement, broadcast data can 
be transmitted and received at a satisfactory quality level 
from practical vieWpoint by a simple arrangement, With the 
result that a number of programs simultaneously broadcast 
can be increased, and cost for system management per unit 
program can be reduced. In addition, since the frequency 
band for broadcasting can be effectively utiliZed, it is 
possible to take the advantage of system of time diversity 
that investment in providing gap ?ller or the like can be 
minimiZed While broadcasting can be carried out. 

According to the present invention, there is also provided 
a system composed of a transmitting apparatus for trans 
mitting a signal and a receiving apparatus for receiving and 
reproducing the signal transmitted from the transmitting 
apparatus, both of the apparatus Working in a digital broad 
casting situation, Wherein the transmitting apparatus com 
prises high quality signal creating means for creating a high 
quality signal based on broadcast digital data, loW quality 
signal creating means for creating at least one loW quality 
signal based on the same broadcast digital data so that the 
quality of the loW quality signal is relatively loW With 
respect to that of the high quality signal, and transmitting 
means for transmitting the high quality signal created by the 
high quality signal creating means and the loW quality signal 
created by the loW quality signal creating means so that one 
of the signals has a time lag relative to the other, and the 
receiving apparatus is arranged for receiving the high quality 
signal and the loW quality signal transmitted from the 
transmitting apparatus, and comprises mode determining 



US 6,535,717 B1 
5 

means for determining Which of a normal receiving mode 
and a broadcast hindrance mode is effected, and reproducing 
means for reproducing the high quality signal When the 
normal receiving mode is effected While reproducing the loW 
quality signal When a broadcast hindrance mode is effected. 

According to the above arrangement, trouble in receiving 
radio Wave due to a multi-path fading or the like can be 
reduced by a simply arranged radio Wave receiving unit 
provided in the receiving apparatus. 

According to the present invention, there is provided a 
transmitting apparatus for transmitting broadcasting digital 
data in a digital broadcasting situation, comprising high 
quality signal creating means for creating a high quality 
signal based on broadcast digital data, loW quality signal 
creating means for creating at least one loW quality signal 
based on the same broadcast digital data so that the quality 
of the loW quality signal is relatively loW With respect to that 
of the high quality signal, and transmitting means for 
transmitting the high quality signal created by the high 
quality signal creating means and the loW quality signal 
created by the loW quality signal creating means so that one 
of the signals has a time lag relative to the other. 

The loW quality signal creating means may be arranged to 
create a plurality of loW quality signals different in quality 
from one another, and the transmitting means may be 
arranged to transmit the plurality of loW quality signals as 
Well as the high quality signal so that each of the loW quality 
signals and the high quality signal has a time lag relative to 
another. 

The transmitting means may be arranged to transmit the 
loW quality signal before transmitting the high quality 
signal. Further, the high quality signal is transmitted by 
using a ?rst channel band While the loW quality signal is 
transmitted by using a second channel band of Which Width 
is narroWer than that of the ?rst channel band. Further, When 
there are prepared a plurality of loW quality signals, the high 
quality signal is transmitted by using a ?rst channel band 
While each of the loW quality signals is transmitted by using 
a second channel band of Which Width is narroWer than that 
of the ?rst channel band. Furthermore, When there are 
prepared a plurality of loW quality signals, each of the 
channel bandWidths is different from one another. 

According to the above arrangement, broadcast data can 
be transmitted and received at a satisfactory quality level 
from a practical vieWpoint by a simple arrangement, With the 
result that a number of programs simultaneously broadcast 
can be increased, and cost for system management per unit 
program can be reduced. In addition, since the frequency 
band for broadcasting can be effectively utiliZed, it is 
possible to take the advantage of system of time diversity 
that investment in providing gap ?ller or the like can be 
minimiZed While broadcasting can be carried out. 

According to the present invention, there is also provided 
a receiving apparatus for use With a transmitting apparatus 
and receiving and reproducing a signal transmitted from the 
transmitting apparatus in Which a high quality signal is 
created based on broadcast digital data, at least one loW 
quality signal is created based on the same broadcast digital 
data so that the quality of the loW quality signal is loW With 
respect to that of the high quality signal, and the high quality 
signal and the loW quality signal are transmitted so that one 
of the signals has a time lag relative to the other. The 
receiving apparatus is characteriZed by comprising mode 
determining means for determining Which of a normal 
receiving mode and a broadcast hindrance mode is effected, 
and reproducing means for reproducing the high quality 
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6 
signal When the normal receiving mode is effected While 
reproducing the loW quality signal When the broadcast 
hindrance mode is effected. 

According to the above arrangement, also broadcast data 
can be transmitted and received at a satisfactory quality level 
from practical vieWpoint by a simple arrangement, With the 
result that a number of programs simultaneously broadcast 
can be increased, and cost for system management per unit 
program can be reduced. In addition, since the frequency 
band for broadcasting can be effectively utiliZed, it is 
possible to take the advantage of system of time diversity 
that investment in providing gap ?ller or the like can be 
minimiZed While broadcasting can be carried out. 

In the receiving apparatus set forth above, the mode 
determining means may be arranged to detect transition 
going to bring about from the normal receiving mode to the 
broadcast hindrance mode, and When the mode determining 
means detects the transition going to bring about from the 
normal receiving mode to the broadcast hindrance mode, the 
high quality signal and the loW quality signal are processed 
and reproduced so that the transition is effected smoothly in 
terms of quality of the high quality signal and the loW quality 
signal. Further, the mode determining means may be 
arranged such that, under condition that the broadcast hin 
drance mode is effected, the mode determining means does 
not determine that it is alloWable for the normal receiving 
mode to take place until the high quality signal is success 
fully received for a predetermined time duration or prede 
termined number of frames, and the reproducing means may 
be arranged such that, When the mode determining means 
determines that it is alloWable for the transition to the normal 
receiving mode to bring about, the reproducing means 
reproduces the high quality signal. Conversely, the mode 
determining means may be arranged to detect transition 
going to bring about from the broadcast hindrance mode to 
the normal receiving mode, and When the mode determining 
means detects the transition going to bring about from the 
broadcast hindrance mode to the normal receiving mode, the 
high quality signal and the loW quality signal may be 
processed and reproduced so that the transition is effected 
smoothly in terms of quality of the high quality signal and 
the loW quality signal. 

Further, in the receiving apparatus set forth above, the 
reproducing means may be arranged such that, if the loW 
quality signal is not received but the high quality signal is 
received under condition that the broadcast hindrance mode 
is effected, the reproducing means creates loW quality data 
from the high quality signal to recover the reproduction of 
the loW quality signal. 

According to the above arrangement, also broadcast data 
can be transmitted and received at a satisfactory quality level 
from practical vieWpoint by a simple arrangement, With the 
result that a number of programs simultaneously broadcast 
can be increased, and cost for system management per unit 
program can be reduced. In addition, since the frequency 
band for broadcasting can be effectively utiliZed, it is 
possible to take the advantage of the system of time diversity 
that investment in providing gap ?ller or the like can be 
minimiZed While broadcasting can be carried out. 
When the transmitting apparatus of the system according 

to the present invention is arranged, the high quality signal 
creating means, the loW quality signal creating means and 
the transmitting means may be provided in the same broad 
casting station. Alternatively, the high quality signal creating 
means may be provided in a broadcasting station, and the 
loW quality signal creating means and the transmitting 
means are provided in a broadcasting/communication satel 
lite. 
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According to the above arrangement, the system can be 
managed With a ?exibility. Therefore, if speci?cation change 
is requested upon constructing the communication system, it 
is possible to respond to the request With ease and manage 
ment cost thereof can be reduced. 

Further objects and advantages of the present invention 
Will be apparent from the following description Which is 
given With reference to the accompanying draWings Wherein 
preferred embodiments of the present invention is clearly 
shoWn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a diagram schematically shoWing an arrange 
ment of a transmitting and receiving system useful in a 
digital broadcasting situation employing a time diversity 
system to Which the present invention is applied; 

FIG. 1(b) is a diagram shoWing a transmitting frame 
arrangement of the time diversity system according to one 
embodiment of the present invention; 

FIG. 2(a) is a diagram schematically shoWing a transmit 
ting and receiving system useful in a digital broadcasting 
situation operated in an ordinary time diversity system; 

FIG. 2(b) is a diagram shoWing an arrangement of trans 
mitting frames When the frames are transmitted in a primi 
tive time diversity system; 

FIG. 3 is a simple diagram schematically shoWing a 
transmitting and receiving system useful in a digital broad 
casting situation according to another embodiment of the 
present invention; 

FIG. 4 is a diagram shoWing an arrangement of a satellite 
broadcasting system including an S-band mobile digital 
broadcasting satellite to Which the present invention is 
applied; 

FIG. 5 is a diagram shoWing in a block form an arrange 
ment of a transmitting apparatus useful in a digital broad 
casting situation according to the one embodiment of the 
present invention; 

FIG. 6 is a diagram shoWing in a block form an arrange 
ment of a receiving apparatus useful in a digital broadcasting 
situation according to the one embodiment of the present 
invention; 

FIG. 7 is a diagram shoWing in a block form an arrange 
ment of a transmitting and receiving system useful in a 
digital broadcasting situation according to the one embodi 
ment of the present invention; 

FIG. 8 is a diagram schematically shoWing hoW source 
data is developed into broadcast data; 

FIG. 9 is a diagram shoWing an arrangement of data 
converted into a transmission form; 

FIG. 10 is a diagram useful for explaining hoW the 
plurality of signals are selected for reproduction upon the 
normal mode; 

FIG. 11(a) is a diagram shoWing an arrangement of 
transmitting data; 

FIG. 11(b) is a diagram shoWing an arrangement of 
received data selected for reproduction When a broadcast 
hindrance mode is brought about; 

FIG. 11(c) is a diagram shoWing an arrangement of 
reproducing data having been subjected to a smoothing 
processing; 

FIG. 12(a) is a diagram shoWing an arrangement of 
transmitting data; 

FIG. 12(b) is a diagram shoWing an arrangement of 
received data selected for reproduction When transition from 
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8 
the broadcast hindrance mode to the normal receiving mode 
is brought about; 

FIG. 12 (c) is a diagram shoWing an arrangement of 
reproducing data having been subjected to a smoothing 
processing; 

FIG. 13 is a diagram useful for explaining hoW data for 
reproduction is selected When loW quality data is created 
from a high quality signal; 

FIG. 14(a) is a diagram shoWing an arrangement of 
transmitting data; 

FIG. 14(b) is a diagram shoWing an arrangement of 
received data selected for reproduction When further recov 
ery of another loW quality signal is required under the 
broadcast hindrance mode; 

FIG. 14(c) is a diagram shoWing an arrangement of 
reproducing data having been subjected to a smoothing 
processing; 

FIG. 15 is a diagram shoWing an arrangement of a system 
in Which the high quality signal creating means is provided 
in a broadcasting station and the loW quality signal creating 
means and the transmitting means are provided in a 
broadcasting/communication satellite. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS. 

Embodiments of the present invention Will hereinafter be 
described With reference to the attached draWings. 
(A) Description of the Embodiments of the Present Inven 
tion 

FIG. 4 is a diagram shoWing an arrangement of a system 
including an S-band mobile digital broadcasting satellite to 
Which the present invention is applied. The satellite broad 
casting system shoWn in FIG. 4 is a system in Which 
multimedia digital information such as music having a 
quality emulating that of a music reproduced from a com 
pact disk, image data, text data or the like can be broadcast 
so as to be received all over Japan in a multi-channel 
fashion, and the broadcast data can be received by a vehicle 
or a portable terminal having no parabolic antenna. That is, 
a broadcast program is transmitted from a parabolic antenna 
50b installed in a broadcast station 50a to a broadcasting 
satellite (or communication satellite) 51 by using a Ku-band 
(14 to 18 GHZ band) (up-link). When the broadcast radio 
Wave is transmitted from the broadcasting satellite to the 
ground side (doWn-link), S-band (2.6 GHZ band) is utiliZed. 
Therefore, a portable receiving terminal 52 carried by a man 
or a terminal 53 carried in a vehicle driven at a high speed 
can receive the broadcast radio Wave containing high de? 
nition data such as image data or the like Without a parabolic 
antenna. If there is a place to Which radio Wave is not 
supplied from the satellite due to a shadoW of a building or 
the like, a retransmission equipment such as a gap ?ller 54 
or the like is provided to eliminate an area in Which the radio 
Wave is not sufficiently supplied. 

FIG. 5 is a diagram shoWing in a block form an arrange 
ment of a transmitting apparatus useful in a digital broad 
casting situation according to one embodiment of the present 
invention. The transmitting apparatus 40 for digital broad 
casting shoWn in FIG. 5 is utiliZed for transmitting broad 
casting digital data. The transmitting apparatus 40 includes 
high quality signal creating means 1 for creating a high 
quality signal based on broadcasting digital data, loW quality 
signal creating means 2 for creating at least one loW quality 
signal of Which quality is loW With respect to that of the high 
quality signal, based on the broadcasting digital data same as 
for creating the high quality signal, and transmitting means 






























